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® pacemaker having PVC response and PMT terminating features. 



© Disclosed are an atrial tracking dual-chamber 
^comaker and method of use that reduce the risk 
of initiating a pacer mediated tachycardia (PMTUmd 
that break such a PMT if once started. The pace 
Seer includes means for sensing a premature ven- 
tricular contraction (PVC). The pacemaker operates 
n conventional manner un.ess a PVC is sensed. If 
a PVC is sensed, in accordance w.th one embod. 
ment. an extended atrial refractory period is trig- 
gered in an attempt to block any retrograde atrial 
^events resulting from the PVC. This is fo owed by 
<an atrial alert time window. After a prescribed A-V 
^delay subsequent to the timing out or other term.na- 
Ston L atria, alert time window, a ventncu.ar 
S llation pulse is generated unless prior venfricu- 
— lar activity is sensed that inhibits such ventncular 
gst mu S pulse. In accordance with another em- 
Mbodiment. the sensing of a PVC tnggers atte 
O suitable refractory period, a retrograde sen se period 
° during which any sensed atrial electneal & activity s 
presumed to be a retrograde event. Appropriate 
W s teps are taken in order to deal with the retrograde 
event to prevent its occurrence from triggering a 



PMT If a PMT has started, a prescribed number of 
cycles of the PMT are counted, after which *e same 
action used in response to a sensed PVC ,s tng 
gered. which action disrupts the rhythm of the PMT 
so as to break it. If the PMT is not broken with the 
f irst attempt, the PVC response is recurnngly gen- 
Sed after a prescribed number of subsequent 
PMT cycles. 
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Th.s .nvention relates to cardiac pacemakers, 
and more particularly to an implantable, program- 
mable. dual-chamber cardiac pacemaker that re- 
sponds to the occurrence of a premature ventricu- 
a. contra*™ (PVQ so as to reduce the likelihood 
that such PVC will trigger a pacer mediated 
tachycardia (PMT). Further, the invention relaSto 
a pacemaker having the capability of effectively 
termmatmg such a PMT if one is initiated. 

BACKGROUND OF THE INVENTION 

, ho if ta r f h , ycardia is a «y rapW rhythm or rate of 
the heart. In recent years, with the advent of multi- 
mode dual-chamber demand-type cardiac pace- 
makers, it has been discovered that the pacemaker 
tself ,n responding to sensed electrical activity in 
the heart (which electrical activity may be pre- 
b ™!r result of retm ^e conduction, may 
be responsible, at least in part, for triggering and/or 
mamtaining a tachycardia in those patients th 0 

the resulting tachycardia is referred to as a pace 
mediated tachycardia (PMT) because it is me op 

S!" f ft P3Cemaker that susta <™ th' 
techycard,a. typically at the maximum tracking rate 
of the pacemaker. M 

In order to efficiently perform its function of a 
pump the heart must maintain a natural AV synch- 

ouenJ, r ^ "f V SynChr ° ny " re,ates to *ne se- 
quential timing relationship that exists between the 
contractus 0 f the atria and the ventricles ,n a 

ZULU 63 * T' e ° r beat ' these ^tractions are 
typically manifest or measured by sensing elec! 
fr-ca. signals or waves that are attendant with the 

SEE? ° n ° f ^ ^ Whtoh d «P0'0" 2 atton 
immediately precedes (and for most purposes can 
be considered concurrent with) , he contraction of 
the cardiac tissue. These signals or waves cT be 
viewed on an electrocardiogram and include a p! 
Z * r f reS8ntin9 the depolorization of the atria; 
the QRS wave (sometimes referred to as an R- 
wave, the predominant wave of the group) repre- 
senting the depolorization of the venules: and the 
Srm ePr9Sentin9 thS re P 0 '°"««on of the ven- 
£ tV L* n0tSd ' hat the atria a,so are 'epoloriz- 
m at r, h ^ repolori2a ^ occurs at approx!- 
r e nSi T 33 ^polorization of the 
ventricles; and any electrical signal generated bv 

bv iTuTf 5 9enera " y m '-te -askSd ou 
gram.) QRS " WaVe ° n the ete ctrocardio- 

Thus, it is the P-QRS-T cycle of waves that 
represents the natural AV synchrony of the Heart 



2a nZTJlll Udmg the ,imi " 9 re,a «^hips that 
ex,st therebetween, are carefully studied and mon- 
itored through conventional ECG techniques when- 
ever the operation of the heart is being examined 
M J£ P T" dua, - cham ber. demand-type, 
cardiac pacemakers are designed, insofar as possi- 

TsJl h !! ntain a " W Sy " chrony for da ™ged or 
diseased hearts that are unable to do so on thei 

ro the n ri2 S 1 rea,i2etl bV P ' aCin9 ^^odes in bot 

^ese'e ectT ^ *** **** * 1,16 naa * 
These electrodes are coupled through intravenous 

rrz cardi ? ,eads to sense h*s 

lor^n P 1II 8d pacemake '- Hoctricai activity oc- 

?5 5Z" 9 ,' n / heSe Chambers can "«» be sensed 
'5 When electrical activity is sensed, the pacemaker 
assumes that a depolorization or contraction TZ 
indicated chamber has occurred. ,f no eleciica! 
acuvrty ,s sensed within a prescribed time interval 
typically referred to as an atrial or ventricufeHJ 

%ZT* 3 PU ' Se 9Snerator ' ala ° oused 
w,th«n the pacemaker housing, generates a stimula- 
*on pulse (hat is delivered to the indicated cC 
ber usually via the same .ead or electrode as is 
used for sensmg. This stimulation pulse causes or 

hr S ri the d f r9d dspo «°n and co„S o 
the indicated chamber to occur. Hence, by first 
sensing whether a natural depolorization occurs t 

mLT"*"- ** by S9C0nd stimu 'atmg at in" 
trolled time intervals each chamber with an external 
» stimulation pulse in the absence of a nLJfde 

str^T^- ^ ^ m3ny °P*™"9 00"- 
35 Z n l r COnd,ti0 " S °' ,he neart tha < oomp,icate 
ZnZ Z * 3 *■""*«»• Pacemaker. (A 
demand-type pacemaker is one that provides a 
stimuiation pu, S e only when the hear, fa's o pro- 
duce a natural depolorization on its own within a 
prescribed escape interval., For example, there are 

ZZ T ^ f0 " 0Win9 a depolori atiTn^f 
cardiac tissue (prior to repolorization) when the 

ssr L m r rna ' e,ectrica ' £ 

effective - that ,s. ,t serves no useful purpose and 
thus represents an unneeded expenditure oi 
45 ? aC8 7 aker,s energy. Therefore^ ap^ 

tion o, stimulation p ulS es during these time periods 

of the pacemaker, which sensing can "fool" S,e 
EST?, int ° ,h ' nkin9 ,hat il has sensed efe c ! 
^ JT*l aSS ° Cia,ed With a natura < depolor £. 
^drn 0 r ,iSSUe - WheninfaCta »^«ni 
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In order to prevent the pacemaker from gen- 
erating and delivering stimulation pulses dunng (the 
n S refractory time period of the heart or from 
sensing and responding to electrical no.se. it « 
common in the art to include within the pacemaker 
fSnar circuit that defines a refractory penod im- 
mediately subsequent to the sensing of mapr elec- 
Mcal activity or immediately subsequent to the 
SLSTS an electrical ^ 
pacer-controlled refractory penod a I of th e sens 
ing and pulse generating circuits of the Pacemaker 
Tre Lperable Following this refractory penod the 
lensing and pulse generating circuits are again 
opeSe and ?he normal sensing/pacing functions 
of the pacemaker continue. 

One of the conditions of the heart that com- 
olicates the operation of a pacemaker is the occur- 

See o * P remature V6ntr,CUlar contraCt, ° n ' ° r 
PVC A PVC is a ventricular contraction that occurs 
out of sequence, i.e.. after a previous ventricular 
faction but prior to a "cc^^^rjj- 
tion Needless to say. a recurnng PVC may greatly 
oisrupTme AV synchrony of the heart. Moreover 
aisrupi uio j pvc n occur rence 

the occurrence of an isolatea kvo , j 

that is quite common- may, .f a pacemaker is 
employed, "fool" the pacemaker into responding 
though the PVC were a norma, ven^cular con- 
traction. This is not all bad. inasmuch as any ven 
cTar contraction, premature or otherwise repre- 
sents a major cardiac event from wh.ch most ton 
n functions of the pacemaker are appropriate^ 
referenced. However, as set forth below unless 
some sort of precautionary measures are aken the 
occurrence of a PVC can comb.ne wrth the other 
£ J norma, operation of a dua. chamber mu,, ; 
mode pacemaker operating in e.ther the ODD or 
?DD mode of operation to trigger a pacer med.ated 

taC To a u?de^nd T how a PMT may be triggered 
by tie single occurrence of a PVC. it is necessary 
to have a basic understanding of retrograde con- 
duction. Retrograde conduction is a condition of 
the heart whereby an impulse resulting from a 
• spontaneous or paced contraction of the ventricle 
Sopagates or conducts into the atrium where .t 
causes an atria, depolarization. This ventr^le-to- 
atrium (VA) type of conduction is backwards from 
Ts norma, auium-to-ventride (AV) type of conduc- 
ton that occurs within the heart during normal 
operation, hence the term retrograde" is employed 

l ° "EST.*" PVC occurs in a patient having a 
pacemaker, it is quite possible that through , retro- 
grade conduction the PVC will also cause th a£ 
urn to contract a short time thereafter. The pace 
maker, sensing the electrical activity of the atnura 
Tesponds to this retrograde atria, contraction as 
though it were a normal atrial contract.on in a 



regular cardiac sequence. That is. in response to 
he sensed atrial activity which the pacemaker as- 
sumes is a natural or sinus P-wave. the Pacemake 
may generate a ventricular stimulation pulse for 
s deTvery to the ventricle a prescribed time penod 
5 £ ^nated as the A-V time period, (which A- 
V time period, for purposes herein, may be ex 
tended by an appropriate factor to deal with Wenc- 
■ S£«k behavior). This ventricular stimulation pulse 
„ reuses the ventricle to contract at a time much 
eX in the cardiac cycle than it would have 
MheXise in the presence of retrograde conduc- 
Son T stimulating impulse resulting from this ven- 
Slar Section may conduct into the atrium and 
cause an atrial contraction, and the whole process 
Ss itself, thereby causing a tachycardia or 
apfd head rhythm truly mediated by the pace- 

pacemaker, causing the ventricle to ^receive a stim- 
ulation pulse a prescribed time subsequent to the 
25 Xfon of the atrium. As explained I prev.ousty 
this type of tachycardia, wherein one of the paths 
hat sustains it is provided by the pacemaker, is 
referred to as a pacer mediated tachycardia, or 
30 r p 9 MT Di advantageously, as is evident from the 
description given above, under the right c.rcum- 
sSnces Z occurrence of a single PVC can tngger 
a PMT A PMT is typically characterized by the 
heartbeating at its maximum 
~ hv the pacemaker. (Note: all dual chamber pace 
ma ers which track atria, events typically employ 
Sing circuits that set an upper limit at which 
pTcing pulses will be provided. This upper l.mrt 

40 ^g^-ome^nTnc:sLrate y ofaPMTmay 
be lower than the maximum tracking rate.) 

To prevent a PVC from triggering a PMT. it is 
known in the art to extend the pacemaker-gen- 
45 erateS atria, refractory period upon detection of a 
45 pvc That is, if a PVC is defined as a sensed 
ventricular event that occurs prior to an atrial event 
"^normal cardiac cycle, then the logic circuits 
of the pacemaker can detect when a PVC occurs. 
so upon such detection, the atrial refractory period. 
50 present in each cardiac cycle, is automaticaUy ex- 
tended a prescribed amount. For example, the 
Cosmos pacer manufactured by lntermed.es. Inc. 
o i Reeport. Texas, extends the atrial refractory 
« oeriod bv a programmable amount upon the sens- 
55 Z of eU PVC Simi.ari.y. the AFP pacemaker 
manufactured by Pacesetter Systems. Inc.. of Syl 
I, cSornia. extends the atrial refractory penod 
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by a fixed extension period that is equal to the 
entire remaining interval within the cardiac cycle 
2d ' or . extendin 9 the atria, refractory pe^ 

™1 ra T ght f the art ' is t0 P reve "t the subset 
quent retrograde atrial depolarization, if present 
from be.ng sensed, thereby "controlling" the pace- 
maker to operate as though no atrial activity had 
occurred. Th.s means that the next event in the 
^ac cycle following the ventricular contraction 
would be the generation of an atrial stimulus The 
teachings of the art are that the extension of ^e 
atna refractory period should be extended a suffi- 
cient amount so that any retrograde atria, event will 
fafi w,th,n th,s extension, thereby precluding such 
retrograde atrial event from being sensed 

Unfortunately, it has recently been learned that 
exten S , 0 n of the atrial refractory period can iZ 

ZlH , Z° fonS necessar V to start a PMT. For 
example, the occurrence of a PVC. which occur- 
rence causes the atrial refractory period to be 

?rS ed / f ™l " 0t 03086 3 retr °9 rade #™> con- 
tracton If such ,s the case, there is a chance that 

?^T?f mS P - W3Ve wi " fa " near ^ end o 
tfie extended atrial refractory period. However, this 
P-wave w..l not be sensed by the pacemaker be! 
ST™ °T r u dU " ng *° e^sfined refractory 

ooir ,0 ^ HenCe ' <he PaCemater co "«™es to 
operate as though no sinus P-wave had occurred 
generating an atrial stimulus, followed by a ven- 
tr cu lar stilus one A-V delay later. However, the 
atria, stimulus may not be effective due to the 
natural refractory period of the heart as a re ult of 

effective prolongation of the A-V delay (sinus P- 

P3C K ed W8nWCUtar Stimu,us >' wh ich pro- 
longation enhances the likelihood that retrograde 
conduction wil/ occur. If retrograde conduces 

PMT e maf £ T*"* S ^ s ' a 

PMT may be started. Because of this possibility 

to a re pvc «h e afr h *• "J™ 2 
PMT 068 the ,ike,ihood of Bering a 

besiSs^ PVcTr 6XiSt f ° r ,n ' 99erin 9 a PMT 
besides a PVC. such as tracking of electrical sig- 
nals produced by muscle movement 
(myopotentials) or premature atria, contra?tfons 

S 9 !^,^ a need in the pa « 

art for a means of breaking a PMT once started 
One approach known in the art for breaking a^MT 

belftS ^ VentriCU,ar StimU,us f « £ery 16 
tUfftr maX ' mUm tracWn9 rate ' Wh ''e this may 
be effective ,n some instances, it is not always 
effective. For example, as used in the art 
tricar stimulus is dropped only whence pact 
maker ,s operating at its maximum tracking"^ 
While the preponderance of PMT cases are at the 

SETT* " 9 * iS ^nceivable (hat ^ 
PMT could occur at a different rate. Further by 



dropping the ventricular stimulus completely and 

R? . addi !i° nal fU " CyC,e> the P3USe 'ntntriTu- 
lar stimulus becomes sufficiently long so as to 
increase the possibifity of anothe" PVC This PVC 
s may then again immediate.y restart the PMT l£t 
was just terminated. 1 



JO 



SUMMARY OF THE INVENTION 



terZnn u ' nVenti0n provid9s 3 dual-chamber 
demand-type pacemaker, and method of operating 
the same, that reduces the risk of initiating a pacer 
mediated tachycardia (PMT), and that breaks'** 

ore3 T Started - 7116 pacem! *er of the 
present invention includes means for sensinq a 
premature ventricular contraction (PVC). The pace- 
maker operates in a conventional atrial tracWna 

unless a PVC is sensed. If a PVC is sens** thl 
atria, escape Nerval and the atria, 
are appropriately adjusted as described below 
Th-s is ,n contrast to prior art devices wherein only 
the atnal refractory period is adjusted 
25 In accordance with a first embodiment of the 

■nvenhon. the sensing of a PVC triggers an Z 
tended atna. refractory period, followed b y an atSi 

Sn P the°L 0r rt W ? dOW - Atna ' ac «^ -culg 
w.th.n the extended atrial refractory period is not 

IT .™ 3CtiVity 0CCurri "9 ^ me atna, 
ate* w.ndow is sensed, and inhibits any atria. sTm 
ulat.on pulse that would otherwise be generated^ 
no atria, activity is sensed during the a ^ alert 
me window, an atria. stimulation pulse is gen- 

aSf 31 C ° nClUSi0n thereof - ei^er event 
after a prescribed A-V delay subsequent to ihe 
sensing of atrial activity, or the failure to sense 
a*.a, events within the V-A interval, a ventiSar 
st.muiat.on pulse is generated, unless priorS£j 
40 h natura ' utricular activity inhibits such a genei- 
jon in accordance with the operation of a ££. 
tionai demand-type pacemaker 

ng the extended atrial refractory period assures 
<s that no stimulation pulse wi„ be provided to S 
atoum at a time when the atrium^a^** te 

;?2 u ^ aC,0ry 35 mi9ht 0,ne ™** nappe? 
'f a sinus P-wave occurs at the end of the extend 

SSSTST ventricu,ar stimu,us 

the likelihood that retrograde conduction will s U h<T 
quen«y occur. Hence, even though J ™Z 
may have previously occurred, this event is S 
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delay thereafter. This sequence avoids the un- 
desirable prolongation of the A-V delay where.n he 
S is caused' by an ineffective atria. *mu us 
applied during the natural refractory penod of the 
Em- By avoiding prolonged A-V delays, long V-V 
de ays aJe also minimized, thereby reducing the 
Sood of occurrence of retrograde conduct-on. 
which in turn reduces the risk of initiating a PMT 

In a second embodiment of the .nvent IO n. the 
sensing of a PVC triggers an atrial refractory period 
oZed by a retrograde sense period. During th, 
retrograde sense period atrial activ.ty can be 
sensed. If atrial activity is sensed, a preserved 
£t time window is triggered (this alert time win- 
dow includes both refractory and alert portions) 
following which an atrial stimulus .s generated if no 
subsequent atrial or ventricular event ,s sensed, ti 
aS activity is not sensed during the retrograde 
sense period, the prescribed alert time window s 
not initiated. Thus the prescribed atnal stimulus 
and A-V delay follow the end of the prescribed 
alert time window, if one is triggered; or if a 
prescribed alert time window is not triggered the 
A-V delay follows the normal V-A timing After the 
A-V interval a ventricular stimulus will be gen- 
erated, unless such stimulus is inhibited by the 
sensing of ventricular activity, as in conventual 
demand-type pacer operation. 

As is evident from the above description .n the 
first embodiment the atrial refractory per.od is ex- 
ended in response to a sensed PVC for the pur- 
pose of masking out any atrial retrograde everts. 
This exteTdidTefTTctoTy period is followed by a 
fixed alert period, which effectively functions as an 
Sen^ion of the atrial escape interval and which 
Events a pacer-generated atrial stimulus from be- 
fng apSed to the atrium during a natural refractory 
period (as is the case where an atria, event occwe 
near the end of the extended refractory per.od). In 
the second embodiment, a retrograde sense period 
is added after the refractory period in response , to 
a sensed PVC for the purpose of sensing any atnal 
retrograde events: Once sensed, these retrograde 
i^tTaTe dialTwith in an appropriate manner in 
order to minimize the likelihood that a PMT will be 

^Ttttird embodiment of the invention contem- 
plates suspending the maximum tracking interval. 
MTl, if atrial activity, following a PVC. is sensed 
subsequent" to the atrial refractory P^Such 
atrial activity is presumed to be a v*JN«« 
from which an A-V interval is triggered. If no atrial 
event is sensed at this time, then normal pace- 
maker operation continues, meaning that an atnal 
stimulus is generated at the conclusion of the ap- 
propriate atrial escape interval. 

In a fourth embodiment of the invention, avail- 
able for use with any of the above-described em- 



bodiments, in response to a sensed PVC and « 
addition to the other responses described above 
the Tv interval is shortened slightly so as to make 
he ventricular stimulus occur a little sooner, there- 
s by avoiding long A-V intervals, and helping to pre- 

vent long V-V intervals. 

The method of operating a pacemaker accord 
ing to the present invention includes as a first step 
sensing the occurrence of a PVC. For the first 
10 embodiment, the subsequent steps include: ex- 
tending the atrial refractory period a presenbed 
amount, inserting an atria, alert time penod o 
window subsequent to the timing out of the ex 
Tended atrial refractory period, and initiating a pre- 
« scribed A-V delay subsequent to the t.m.ng out of 
me Sal alert time window or subsequent to the 
senstng of an atrial event during the atria, alert time 
window For the second embodiment the subse- 
quent steps of the method inciude: adding a retro- 
20 grade sense period after the refractory period de- 
nning any sensed atrial event occurring dunng this 
etrograde sense period as a retrograde event 
n tiating a prescribed alert time period in response 
o me sensing of a retrograde event defn.ng any 
2S sensed atrial event occurring during th.s presenbed 
afert time period as a valid P-wave. and initiating a 
prescribed A-V delay subsequent to the sensing of 
a va?d P-wave or the timing out of the prescribed 
a alert Jime period. For the third 
30 subsequent steps include: suspending the MTl 
after any sensed atrial event following a PVC and 
initiating a prescribed A-V delay 
such sensing. If no P-wave is sensed, normal pace 
maker operation continues. 
3S The method of breaking a pacer mediated 

tachycardia, if one is initiated, in accordance with 
he Resent invention includes: counting the occur- 
rence of PMT cycles; and triggering, in response to 
reaching a prescribed PMT cycle count, the ex- 
40 nded atna, P refractory period and atrial alert time 
window (as herein described in connection with the 
first embodiment), or the retrograde sense period 
and prescribed alert time period (as herein de- 
scribed in connection with the second embed, 
45 ment). or other appropriate time periods (as used, 
for example, in connection with the third embody 
^which action disrupts the rhythm of the PMT 
To as to break it. If the PMT is not broken with the 
first attempt, the triggering of the various retro- 
50 grade, sense, or other time periods is recurringly 
generated after a prescribed number of subsequent 
PMT cycles. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The above and other objects, features, and 
advantages of the present invention will be more 
apparent from the more particular description 
thereof presented in conjunction with the following 
drawings wherein: y 

t««n F 1 G ' 1 iS 3 typiCal ECQ - t yP e waveform illus- 
trating the normal AV synchrony of the heart; 

FIG. 2 is a block diagram of an implantable 
programmable, dual-chamber pacemaker; 

h G ' ?u '! 3 composite ^'"9 diagram illus- 
trating how the AV synchrony of the heart is main- 
tamed when both atrial and ventricular stimulation 
pulses are provided to the heart by a dual-chamber 
pacemaker; 

FIG. 3B is a similar composite timing dia- 
gram illustrating how A-V synchrony is maintained 
when only a ventricular stimulation pulse need be 
Provided to the heart, and further illustrates one 
possible response of a pacemaker to a premature 
atnal contraction (PAC); 

FIG. 3C is a similar timing diagram illustrat- 
ing one possible way in which a PMT may be 
triggered; ' 

FIG 4 is a similar timing diagram illustrating 
how extending the atrial refractory period may pre- 
clude the triggering of the PMT shown in FIG. 3C- 

FIG. 5 is a composite timing diagram show- 
ing how extending the atrial refractory period as 
was done in FIG. 4. may still cause a PMT to be 
triggered; 

t««n F !?' 6 « iS 3 com P° site tim *ng diagram illus- 
tratmg the effect of a first embodiment of the PVC 
response of the present invention; 

n™ m « F !, QS ,l f ! i B and 60 are com Posite timing dia- 

S2TJ!TS5? SffeCt ° f 3 Second Pedi- 
ment of the PVC response of the present invention; 

Me. 6D ,s a composite timing diagram illus- 
trating the effect of a third embodiment of Te PVC 
response of the present invention: 
D k„t. FIG : 7 iS 3 f,ow dia 9ram showing the basic 
te J™ n f "9 P~cess of the present Invention 
He. 8 is a block diagram of the PVC re- 
sponse and PMT terminating circuits of the present 
invention, and indicates the relationship of these 
circuits to the overall pacemaker block diagram of 

FIG. 9 is a logic diagram of the Nth Count 

t*r nf ^ 1 o ^ 3 '° SiC dia9ram ° f the P MT COUO- 

Invelnf 8 " > *«* - the 

FIG. 11 is a to g ic diagram Qf {h 
used to extend the atrial refractory period ^ 

Logic of' FIG 2 8 f * ^ ^ * the PVC Detec t 



FIG. 13 is a logic diagram of the PMT win- 
dow and PMT Reset Window Logic of FIG. 8 - 

FIG. 14 is a logic timing diagram illustrating 
the operation of the circuits of FIGS. 8-13 in re- 

ST 9 V PVC - ^ ° Peration corresponds to 
the timing diagram of FIG. 6A; 

a „ RG ' 15 ' S 3 '° 9ic Uniin 9 dia 9ram illustrating 
an alternative operation of the circuits of FIGS 8-13 
in responding to a PVC. which operation corre- 
'0 spends to the timing diagram of FIG. 6B; and 

tho n«i 16 ? ! l09iC timi " 9 dia 9 ram showing 
the operation of the circuits of FIGS. 8-13 when 
terminating a PMT after n counts 
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DETAILED DESCRIPTION OFTHF inupmt^ 



The following description is of the best pres- 
^contemplated mode of carrying out the inven- 

2n« k . CnP " 0n iS 001 10 be fc** 1 in a limiting 
sense but ,s made for the purpose of describing 
«ie general principles of the invention. The scope 

25 T tan Sh ° UW 09 dete ™"*d ^th refer- 

25 ence to the appended claims 

Referring to FIG. 1. there is shown a typical 
ECG-type waveform illustrating the normal A-V 

222* of a heart - Such W3veforms ma V °o 

obtained using conventional skin-electrode ECG 
M techniques. Alternatively, intercardiac ECG features 
tLZtr m T emakBrS may Pr0vide sf milar ECG 

to Tof l ° U9h *• USS ° f ,ha te,em ^ ma- 
tures of such pacemakers. Beginning at the left of 
the waveform there is shown a P-wave. This P- 

r;rT the *»* 

with the depolorization of the atria of the heart As 
.nd,cated previously, depolorization of the Sa l 
accompanied by contraction of the atria tnercbv 
allowing blood to be pushed from the atria into the 
" w 7' C,eS °. f *• hea * While those skilled in Te art 
win recognize that depolorization and contraction 
are not necessarily simultaneous events, they will 
be assumed to be simultaneous events for pu - 
poses of this patent application, and the terms 
«* depolorization" and/or "contraction" are meant to 
be synonymous. 

the J-wav? t^nS 3 ^ 6 ' 11 t0 the 9enerati °n of 
no L h T ° RS C ° mp,9x appears - Wsem- 
so 2 h dep o |or,2a «on of the ventricles. The time 

(often referred to as simply an R-wave) is a^v 
important time interval in the operation of to he« 
because it represents the time needed for tS 
blood to flow from the atria into the ventricles Z 

I?"?; 8 f ?"° Wed bV 3 T " wave - -hich wave rep?e! 
sents the electrical activity associated with the rl 
potonzation of the ventricles. As known to thoTe 
skil-ed ,n the art. the ventricles do most of the wSk 
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in pumping the blood throughout the body. Typi- 
cally one heart beat or heart cycle is measured as 
the time interval between succeeding R-waves, 
simply because the R-wave typically represents the 
easiest of the waves to identify and measure A 
heart beat could, of course, be measured relative 
to any point within the heart cycle, such as be- 
tween succeeding T-waves. 

The important point for purposes of the present 
application to recognize is that a certain AV synch- 
rony must occur if the heart is to function effi- 
ciently That is. the depolorization of the atria. 
represented by the P-wave, must be followed a 
short time thereafter by the depolorization of he 
ventricles, represented by the R-wave. After a suffi- 
cient delay, the atria must again depolonze fol- 
lowed by the depolorization of the ventncle. If the 
depolorization of the atria or ventricles do not occur 
naturally, then a pacemaker may be employed to 
provide stimulation pulses to these respective heart 
chambers, in order to trigger the required 
depolorization/contraction at the appropnate t.me 
periods of the heart cycle. 

Referring next to FIG. 2, a block diagram of a 
typical atrial tracking dual-chamber pacemaker is 
illustrated. Pulse Generator and Control Log.c 12 
generates the appropriate timing i sequences and 
Stimulation pulses for delivery to the heart. Stimula- 
tion pulses are delivered to the right atrium of a 
heart (not shown) through an atrial drive ampl.fier 
14 and an atrial lead or conductor 16. Th,s same 
atrial lead 16 is connected to an atrial sense am- 
plifier 18. This sense amplifier 18 monitors the 
electrical activity of the atrium to determine if a 
sinus P-wave. representing the natural depolonza- 
tion of the atrium, has occurred. If such sinus atrial 
activity is sensed, then the Pulse Generator 12 
inhibits the stimulation pulse provided to the drive 
amplifier 14 and provides for a tracked ventricular 
stimulus after a predetermined time period 
(referred to as the sensed AV delay). However, 
after a prescribed period of time, typically referred 
to as the atrial escape interval, a sinus P-wave has 
not been sensed, then the pulse generator 12 de- 
livers a stimulation pulse, through the drive am- 
plifier 14. to the atrium over lead 16. The pulse 
width and amplitude (PW/AMP) of this stimulation 
pulse are controlled by the pulse generator and 
control logic 12. 

In a similar manner, the Pulse Generator and 
Control Logic 12 senses the electrical activity oc- 
curring in the right ventricle of the heart through a 
sense amplifier 20 connected to a ventricular lead 
22 If naturally occurring ventricular electrical activ- 
ity is not sensed within an appropriate ventr.cular 
escape interval, then the Pulse Generator and Con- 
trol Logic 12 generates a ventricular stimulation 
pulse of a prescribed pulse width and amplitude, 



delivered through the drive amplifier 24. in order to 
cause the desired ventricular contraction. 

Clock circuitry 26 provides the bas.c clock sig- 
nal from which the pulse generator and control 
5 l0 gic 12 operates. Telemetry and communications 
circuitry 28 provides a means whereby information 
can be telemetered to and from the implanted 
pacemaker. Control information that varies the ba- 
sic escape intervals of the pacemaker, for example, 
)0 may be received through the telemetry and com- 
munications circuitry 28 and stored in a memory 
30 as may control information that sets the des red 
pulse width and/or amplitude of the st.mulat.ng 
pulse. Such control information may also be 
, 5 passed directly to the Pulse Generator and Contro 
Loaic 12 if desired. Similarly, electrical act.v.ty of 
the heart, as sensed through the sense amplifiers 
18 and 20, can be telemetered external to the 
pacemaker through the telemetry and communica- 
20 Sons circuitry 28. thereby allowing an attending 
physician or cardiologist to monitor the acbvrty of 
ihe heart without the use of external sk.n elec- 
trodes. A magnetic reed switch 32 is also typical y 
employed with implanted pacemakers in order to 
25 control the programmable functions of the device. 
With a suitable programming apparatus in place, 
the attending physician or cardiologist can effec- 
tuate any desired changes in the operation of the 
pacemaker by sending appropriate control agnate 
30 and commands over the telemetry and commu- 
nications circuitry 28. u minn 
Referring next to FIG. 3A, a composite timing 
diagram illustrating the operation of a typical 
demand-type, dual-chamber pacemaker is .Hustrat- 
3S ed . In this timing diagram, the stimulation pulses 
generated by the pacemaker are Ululated as a 
narrow spike labeled with eifher an A (for an at a 
stimulation pulse) or a V (indicating a ventr cu ar 
stimulation pulse). Further, the respons ;e of Jha 
<o heart to an applied stimulation pulse ,s 'n^atedm 
the figures as having an opposite polarrty from that 
shown in FIG. 1. (In FIG. 1. the heart responds 
without the application of a stimulation pulse.) Th s 
is done to clearly distinguish in the figures naturally 
< 5 occurring events of the heart from pacer-induced 

^"included in the timing diagram of FIG. 3A, are 
representations of the various timing- intervals that 
are generated by the pulse generator and control 
so logic 12 (Fig. 2). Many of these time intervals are 
programmable, meaning that the length o such 
intervals can be varied by sending appropriate con- 
trol signals over the telemetry and communications 
circuitry 28 to the memory circuits 30 of Ftg. 2. as 
55 those skilled in electronic art will recognize by 
loading an appropriate data word into a prescribed 
me mory location, which data word can in turn be 
subsequently loaded into an appropriate counter of 
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the pulse generator and control logic 12, a basic 
clock signal can then be used to clock this counter 
until the desired count is reached, at which time a 
terminal count signal is generated to indicate the 
end of the desired time interval. By merely chang- 
ing the value of the data word that is loaded into 
memory, the length of the time interval can thus be 
vaned or programmed to a desired value. 

The time intervals shown in the timing dia- 
grams that follow are indicated by a horizontal line 
If the time interval has "timed out" - that is if it 
has reached its terminal count - an arrowhead is 
placed on the horizontal line, pointing to the point 
in time at which the time interval terminates. (Note- 
in all of the timing diagrams used herein, the 
honzontal axis represents the time axis.) It is noted 
that the timing drawings are not necessarily drawn 
to scale, nor with linear horizontal or vertical axes ) 
If, however, a sensed electrical event occurs prior 
to the termination of a given interval, which event 
inhibits the generation of a stimulation pulse (or 
alters some other operation of the pacemaker) then 
a dot is placed on the horizontal line indicating the 
point in time at which the sensed event terminates 
that particular interval. 

Shown in FIG. 3A. and in the similar timing 
diagrams provided herein, are five basic time inter- 
vals. These are: (1) the A-V interval, or AVI, repre- 
senting the time interval between the atrial stimula- 
tion pulse and the ventricular stimulation pulse 
(sometimes referred to as the pacemaker A-V de- 
lay); (2) the atrial refractory period, or ARP, repre- 
senting the time interval subsequent to the genera- 
tion of an atrial stimulation pulse or sensed atrial 
event during which the atrial sensing circuits are 
disabled; (3) the atrial escape interval, or AEI re- 
presenting the time interval during which in the 
absence of naturally occurring atrial or ventricular 
acttvity. an atrial stimulation pulse will be generated 
and delivered to the atrium; (4) the ventricular 
refractory period, or VRP. representing the interval 
during which the ventricular sense amplifier 20 
(FIG. 2) is disabled; and (5) the maximum tracking 
interval, or MTI. representing the interval where P- 
vv^es will be tracked up to the maximum tracking 
rate. (The MTI + AVI thus define for purposes of 
this application, the shortest possible time period of 
a cardiac cycle, and hence, the maximum possible 
paced ventricular rate. In contrast some prior art 
pacers include AVI in the MTI interval.) 

With the foregoing timing intervals thus de- 
fined, the following description of FIGS. 3-6 can be 
better understood. As indicated previously, in FIG 

hlTn? l h ° Wn 3 timim9 dia 9 ram illustrating 
how a pacemaker ,s used to maintain a desired AV 

that the heart being stimulated can not provide its 
own atrial or ventricular contractions at a suitable 



rate, and that the pacemaker must therefore pro- 
vide the stimulation pulses required to maintain the 
des,red AV synchrony and/or heart rate. Accord- 
mgly. an atrial pulse A is provided in order to 
s envoke a contraction of the atrium. This event 
triggers both the A-V interval, AVI, and the atrial 
refractory period. ARP. A portion of the ARP. des- 
ignated in the figures as a dashed line, is an 
absolute refractory period, meaning that the atrial 
'0 sense amplifier 18 (FIG. 2) is totally blanked or 
inoperable. A subsequent portion of the ARP re- 
presented in the figures as a solid line, is a relative 
refractory period, meaning that special processing 
methods are used (not relevant to the preseni 
'5 d.scussion) in an attempt to distinguish the occur- 
rence of valid P-waves from noise. As indicated in 
' ? A ' at the termination of the AVI. a ventricular 
simulation pulse. V, is generated and applied to 
the heart. This stimulation pulse causes the ventri- 
20 cle to contract, as indicated by the inverted R- 
wave. The generation of the ventricular stimulation 
pulse, or V-pulse, also triggers the beginning of the 
atnal escape interval, or AEI; the ventricular refrac- 

2S T2 P ? ri ° d M? r VRP: and the maximum Peking 
« interval, or MTI. At the conclusion of the AEI, there 
havmg been no P-waves sensed, an A-pulse is 
generated in order to produce a contraction of the 
atrium, thereby initiating the next cycle of the heart 
Thus, the events previously described beqin aoain 
30 and the cycle repeats itself, with a V-pulse being 
generated an A-V interval subsequent to the A- 
pulse and an A-pulse being generated at a pre- 
V-pSse mterVal SUb5equent 10 the generation of the 
as In FIG. 3B, it is seen that a natural or sinus P- 
wave is present, and hence there is no need for the 
pacemaker to generate an A-pulse. When the sinus 
P-wave ,s sensed, the AVI is initiated, and the 
pacemaker is alert in order to sense if an R-wave 

the time the AVI times out. then a v-pulse is 
generated, as indicated. This V-pulse initiates the 
begmning of the atrial escape interval. Prior to the 
termmation of the AEI, a natural.y-occurring P-wave 
« ,s sensed, .ndicated by the dot on the AEI line The 
sensing of the naturally-occurring P-wave inhibits 
the generafion of an A-pulse. and initiates the be- 

2 u J\ " 8W AV,> 31 the COndusio " oi «•** 
another V-pulse is generated. This process contin- 

so ues for so long as the hear, continues to generate 
sinus P-waves. but fails to produce natur^-occu^ 
ring R-waves. 

FIG. 3B further illustrates one possible re- 
55 pacemaker to a premature atrial 

as contractor,, or PAC. The premature atrial contrac- 
tor, may be defined, for purposes of this applet 
fon. as S ,m P ly a contraction of the atrium that 
occurs prematurely or early in the normal AV sy£ 
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chrony. The PAC shown in FIG. 3B occurs imme- 
diately subsequent to the second T-wave The 
P acemaker responds to the PAC as though .t were 
a sinus P-wave. That is, the occurrence of the PAC 
terminates the atrial escape interval. Further, when 
a P-wave occurs within MTI. as does the PAC 
shown in FIG. 3B. a latch circuit is set indicating 
that the sensed activity is considered a valid P- 
W ave. The setting of this latch causes the A-V 
interval to be initiated at the end of MTI. At the 
conclusion of this A-V interval, the V-pulse .s gen- 
erated. Once a V-pulse has been generated, the 
operation of the pacemaker continues in normal 

'^Referring next to FIG. 3C. a timing diagram is 
illustrated indicating one way in which a pacer 
mediated tachycardia, or PMT, may be generated. 
At the beginning of the sequence shown in FIG. 
3C, it is assumed that an A-pulse is provded to 
stimulate a desired atrial contraction A short t.me 
thereafter, subsequent to the terminate of the A-V 
interval, a naturally occuring R -wave « 
Hence no V-pulse is generated, and the atrial 
escape interval and other intervals are initiated in 
norma, fashion. However, a short time after ^the 
sensing of the R-wave, a premature ventricular 
contraction, or PVC. occurs. For purposes of il- 
lustration, it is assumed in FIG. 3C that the pace- 
maker can not distinguish between the occurrence 
of an R-wave and a PVC. That is. the pacemaker 
simply senses that electrical activity has occurred 
in the ventricle, and it therefore assumes that such 
activity represents a normal ™^* c ^™ s 
Of course, as explained previously, a PVC does 
represent a ventricular contraction; however it is a 
ventricular contraction out of sequence -- that is. 
one that occurs subsequent to a preceedmg ventri- 
cle contraction but prior to the next atrial contrac- 
tion As also explained previously, the occurrence 
of a PVC may, under the right circumstances, 
through retrograde conduction, cause ^the afoum to 
contract. Such a contraction is illustrated in FIG. 3C 
as a retrograde P-wave. labeled P R . Hence once 
the PVC occurs, followed by the retrograde P- 
wave. Pr. a V-pulse is generated a prescribed t.me 
thereafter. This prescribed time is at the conclusion 
of the maximum tracking interval. MTI plus the A-V 
interval. AVI. In response to the V-pulse. the ventri- 
cle contracts, which contraction, through retrograde 
conduction, again causes a retrograde P-wave to 
occur. This retrograde P-wave. Pp. is again fol- 
lowed by a V-pulse that occurs as soon as possible 
thereafter, which time is again set by the MTI + 
AVI intervals. Thus; in this sequence, the heart s 
paced at the maximum tracking rate, and a PMT is 
created. The PMT cycle is sustained by the retro- 
grade path through which the retrograde P-wave 
occurs in response to a ventricular contraction; and 



the anteograde path, provided by the pacemaker, 
trough which a V-pulse is generated at the conclu- 
sion of MTI + AVI intervals. 

Referring next to FIG. 4. there .s shown i the 
5 orior art approach to the solution of the problem 
!,us trSd in FIG. 3C. In accordance with the teach- 
ings of the prior art. and as mentioned previously 
,ogic circuitry can be employed to recogn.ze the 
occurrence of a PVC. Once the occurrence of a 
, 0 PVC has thus been identified, then the control logic 
of the pacemaker extends the atrial refractory pe- 
riod for a prescribed amount. This extension .s 
Sntified in FIG. 4 as the ARP EXTENSION portion 
of the atria, refractory period following the ^occur- 
rpncB 0 f the PVC. Advantageously, this ARP tx- 
5 TENSION prevents the retrograde P-wave following 
the PVC from being sensed by the pacemaker. 
Accordingly, at the conclusion of the atrial escape 
Nerval. ^A-pulse will be generated by the pace- 
20 maker. Following the A-pulse, a V-pulse will be 
generated one A-V interval thereafter, un ess a 
natural R-wave occurs prior to the termination of 
the AV interval. Hence, the effect of the extension 
of the atrial refractory period as illustrated in FIG. 4 
2S is that the atrium contracts twice, once in response 
to the PVC (through retrograde conduction), and 
once as a result of the applied A-pulse. Such 
double contraction of the atrium is. according to the 
teaching of the prior art. of little consequence so 
30 long as it only occurs in one cycle. *^>«** 
triooering of a PMT can be avoided, the benefits 
S herefrom are felt to far outweigh the slight 
disruption of the AV synchrony that occurs ; in i the 
one cycle in which the double atnal contracts 

35 ° CC Unfortunately, as indicated in the timing dia- 
gram of FIG. 5. extending the atrial refractory pe- 
riod can itself create the conditions necessary to 
trigger a PMT. In FIG. 5. the atrial refractory period 
40 has been extended as in FIG. 4. A sinus P-wave 
occurs during this extended refractory period, but 
is not sensed by the pacemaker because the sense 
amplifier of the pacemaker is not operable during 
Ms time period. Also shown in FIG. 5. at the upper 
4S portion thereof, is a shaded time interval that repre- 
sents the natural atrial refractory penod. or NAR 
This is the time period during which the atrial 
muscle tissue is recovering from a 
depoloraziation/contraction. and therefore repre- 
50 sents a time during which the atrium .s phys.ca ly 
incapable of contracting again. This natural atrial 
refractory period begins as the atrium begins to 
depolorize. It lasts until the atrial tissue is re- 
poiorized. which typically could be 150-300 msec 
55 subsequent to the depolorization of the tissue If .as 
shown in FIG. 5. the A-pulse is applied to the 
atrium at the conclusion of the atrial escape inter- 
val as was done in FIG. 4, but also at a time that 
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falls within the natural atrial refractory period, then 
.this A-pulse will be ineffective. The net result of 
this .neffective action, in addition to representing a 
needless expenditure of energy from the pace- 
maker's battery, is that the A-V interval AVI as 
seen by the heart tissue, will be effectively ' ex- 
tended or lengthened. This is also illustrated in 
FIG. 5 as the interval between the sinus P-wave 39 
and the subsequently applied V-pulse 40. Length- 
en^ the A-V interval generally enhances the likeli- 
hood that retrograde conduction will occur. FIG 5 
depicts the occurrence of such a retrograde P- 
wave 42 that occurs in response to the ventricular 
contraction triggered by the application of V-pulse 
40. A V-pulse 44 will then be applied as soon as 
permitted after retrograde P-wave 42 or at the 
maximum tracking rate. As this process repeats 
itself, a pacer mediated tachycardia, or PMT is 
again present. 

FIGS. 6A. 6B. and 6C illustrate alternative re- 
sponses to a PVC in accordance with the teachings 
of the present invention in order to avoid the trig- 
gering of a PMT. First, with reference to a first 
embodiment shown in FIG. 6A conventional PVC 
detection circuitry is used in order to signal the 
occurrence of a PVC. In response to the detection 
of a PVC, the atrial refractory period is extended 
for the purpose of blocking out any atrial activity 
that may occur during this time. At the conclusion 
of the extended atrial refractory period a pre- 
scribed alert period, designated in FIG. 6A as W1 
is initiated. An atrial stimulation pulse, or A-pulse is 
not applied by the pacemaker until this atrial alert 
period W1 times out. The duration of this alert 
period W1 assures that the atrial stimulus will al- 
ways be effective, even if a sinus P-wave occurs 
near the end of the refractory period, as shown in 
FIG. 6A. Values for the alert period W1 may be 
from 100 to 450 msec, preferably 300-350 msec 
The effect of this response is that one beat of the 
heart will in fact be at a slower rate or longer 
interval. However, as indicated previously, this is 
quite satisfactory for one beat, and avoids the 
problem of potentially inducing a PMT. If a sinus P- 
wave occurs during the alert period, that is. during 
Wl, then such sensing inhibits the generation of a 
subsequent A-pulse and the start of the A-V inter- 
val is initiated from the sensed sinus P-wave. 

In the second embodiment shown in FIGS 6B 
and SC. a refractory sense period. RSP, is added 
to the end of the atrial refractory period. ARP. Atrial 
activity occurring during the RSP is sensed. How- 
ever such sensing is presumed to be a retrograde 

tT h W Si " US SVent response ,0 ^"sing 
such a retrograde event (FIG. SB), an alert time 

window W2 is immediately initiated. This time win- 
dow or period W2 is divided into a refractory 
portion 45 and an alert portion 46. In a preferred 



configuration. W2 is 350 msec, with a 100 msec 
refractory portion and a 250 msec alert portion. An 
A-pulse is generated at the conclusion of the W2 
time penod (as shown in FIG. 6B). unless a natural 

°J,J mS P " WaVe i5 P revious 'y sensed during the 
alert portion 46 of W2 (not shown in FIG 6B) 

e il!! er ^l 9eneratin9 0f 30 A - pulse at th * conclu- 
s on of W2 or the sensing of a P-wave during the 
alert portion 46 of W2 initiates the A-V interval as 
10 described previously. If no retrograde activity is 
sensed during the refractory sense period RSP as 
shown in FIG. 6C. then the interval W2 is not 
.nserted into the pacing interval, and the operation 
of the pacemaker is thereafter controlled in normal 
'5 fashion (an A-pulse is generated at the conclusion 
of the atrial escape interval, unless a natural P- 
wave is sensed prior to the timing out of AEI) 
■„ nr a e n ,d embodim ent of the invention shown 

,„ 7t ' 3ny atrial activit y sensed after a PVC 
so and the atrial refractory period ARP. is presumed 
to be a valid P-wave. In accordance with this third 
embodiment, the post PVC sensing of atrial activity 
suspends the maximum tracking interval. MTI and 
triggers the beginning of the A-V interval At the 
25 conclusion of the A-V interval, a ventricular pulse is 
provided (unless, of course, an R-wave is sensed 
prior to the termination of the A-V interval, as in 

™?£ na l, demanc, - t yP e P**n9>. This action 
causes the heart to be paced at a -fast rate" that 
30 exceeds the maximum pacing rate, as set by the 
combined MTI + AVI intervals. Such a "fast rate" 
is not physiologically damaging to the patient pro- 
vkJ ng ,t does not continue over a prolonged period 

3S ,°n nT rt Acccrdin 9'V' as « ^ident to those skiHed 
35 m the art. counting circuitry or equivalent can be 
used to prevent the pacer from maintaining this 
fast rate for more than a prescribed number of 
cardiac cycles, such as four (4). After this pre- 
scnbed number of cardiac cycles, the pacemaker 
-o reverts to a backup mode, such as Wl. for at leas 
one cycle. 

« n «L in T S th ' rd embodi ™nt. no atrial activity is 
sensed after a PVC and the ARP, then the pacer 
provides an atrial pulse at the conclusion of the AEI 
«s m conventional manner. 

It is noted that for the first embodiment pre- 
viously described, once a PVC is detected the 

t'rTenfbo'd^ T^' 8 « F " *° 

third embodiment, the normal AEI and MTI inter- 

a PVc'f T1- ° r SUSP6nded ° nly if ' after se A 
a PVC atrial act,v.ty is sensed following the ARP 

that could rt hr b0diment ° f thS Pfesent inve "«°n 
that could be used as a variation of any of the 

ss C TF \ embodi ™"te to shorten 

ittle sooner ,n the cardiac cycle following a PVC 
thereby further avoiding or preventing long V-to-V 
intervals, which long V-to-V intervals enhance the 
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likelihood of additional premature ventricular con- 
tractions. It is also noted that shortening the A-V 
interval further reduces the likelihood of retrograde 

conduction. , 

As indicated previously, there exists other 
mechanisms in addition to the occurrence of a PVC 
that could possibly trigger a PMT. Accordingly, in 
accordance with the teachings of the present inven- 
tion a procedure or process is provided for termi- 
nating a PMT once a PMT is initiated. S.mply 
stated this PMT terminating process comprises 
applying one of the above-described PVC re- 
sponses --e.g.. inserting the alert window W1 in 
accordance with the teachings of FIG. 6A. or insert- 
ing the RSP period and possibly the window W2 in 
accordance with the teachings of FIGS. 6B and 6C, 
or suspending the MTI in accordance with the 
teachings of FIG. 6D-- after n PMT cycles, and 
continuing to apply the PVC response at the con- 
clusion of every m PMT cycles until the PMT .s 
broken, where n and m are prescribed numbers. 
For example. in'accordance with one embodiment 
of this PMT terminating process, ten cycles of a 
PMT would be counted, at which point one of the 
above-described PVC responses would be applied 
to the pacing cycle. This PVC response would be 
reapplied or reinserted into the pacing cycle every 
128 PMT cycles thereafter, until the PMT was 

broken. . . 

This PMT terminating process is illustrated in 
the functional flow diagram of FIG. 7. In FIG. 7. it is 
assumed that an atrial tracking dual-chamber, 
pacemaker is operating in either the DDD or VDD 
mode of operation. If this is the case, and assum- 
ing that a PMT response mode has been enabled, 
as indicated at decision block 40 in FIG. 7, then an 
appropriate PMT flag is set. This is illustrated at 
block 42 where the flag identified as PMTF is set 
equal to 1 . Once this flag, or equivalent, is set, the 
normal VDD or DDD operation of the pacemaker 
continues, as indicated at block 44. At the begin- 
ning of each pacing interval, however, a PMT tim- 
ing window is initiated as indicated at block 46. As 
will be explained in more detail below, this PMT 
timing window allows a determination to be made, 
at decision block 48. as to whether a PMT con- 
dition exists. This decision is typically made by 
determining whether the P-wave occurring in the 
cardiac cycle is a "fast" P-wave or a "slow IP- 
wave A "fast" P-wave is one that occurs in a PMT 
cycle, whereas a "slow" P-wave is any other P- 
wave. If a determination is made that a "slow ' P- 
wave has occurred, then that is indicative of the 
breaking of the PMT. Other events, not shown in 
Fig 7, in addition to the detection of a "slow" P- 
wave, also operate to indicate the breaking of the 
PMT, such as the occurrence of an R-wave. Ac- 
cordingly, if no PMT condition exists a PMT coun- 



ter is reset, as indicated at block 50. If. however, 
the determination is made that the P-wave is a 
"fast" P-wave, then the PMT counter is incre- 
mented, as shown at block 52. 
5 After the PMT counter is incremented, a deter- 

mination is made at decision block 54 as to which 
phase of the PMT terminating process is currently 
being carried out. The first phase is prior to the 
triggering of the first PVC response after a pre- 
)0 scribed count of n PMT cycles. The second phase 
is the reinsertion" of the PVC response after the 
occurrence of a prescribed count of m additional 
PMT cycles. For purposes of the flow diagram 
shown in FIG. 7, the particular phase of the PMT 
, 5 terminating process is monitored by the value o 
the flag PMTF. Hence, when PMTF has a value of 
one. that indicates that the first phase of the PMT 
terminating algorithm or process is currently in 
operation. If such is the case, then a decision i .s 
2 o made at decision block 56 as to whether the PMT 
count, as held or otherwise determined in the PMi 
counter, has reached the value of n. If not. then the 
next pacing cycle is allowed to continue, during 
which another determination is made as to whether 
as a "fast" or "slow" P-wave is present or if the PMT 
has otherwise been terminated. If fast P-waves 
sequentially occur, indicating that a PMT is in fact 
occurring, each cycle of the PMT increments the 
PMT counter an additional count until the PMT 
30 count reaches the value of n. When this occurs, 
then the flag PMTF is set equal to 2 at block 58, 
indicating that the second phase of the PMT termi- 
nating process is about to begin. In this second 
phase the PMT counter is again incremented, as 
3S indicated at block 60, and the desired PVC re- 
sponse is triggered, as indicated at block 62. As 
previously described, this PVC response may be 
any of the responses shown in FIGS. 6A-6D. or 
variations thereof. These responses disrupt the 
40 rhythm of the PMT cycle and prevent the con- 
ditions that allow the PMT to continue. If, for what- 
ever reason, the PMT continues, and "fast" P- 
waves are still sensed, then the second phase of 
the PMT terminating process continues. In this 
45 second phase, a decision is made at the decision 
block 64 as to whether the PMT count has reached 
a count of m PMT cycles. If the count is less than 
mcycles, then the next pacing cycle continues dur- 
ing which another determination is made as to 
so whether a "fast" or "slow" P-wave is present. If the 
count has reached m cycles, the PMT counter is 
reset, at block 66, and the PVC response is again 
triggered, at block 62. If "fast" P-waves continue in 
each cycle the PMT counter will be incremented 
ss each cycle as before at block 52. In this fashion 
after every m PMT cycles, the PVC response will 
be re-triggered. 

As previously indicated, in one embodiment ot 
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the PMT terminating process of the present inven- 
tion, the count n is programmed to a value of 10 
and the count m is programmed to a value of 128 
In an alternative embodiment of the invention, the 
count n is programmed to a value of 127. and the 
count m is programmed to a value of 128. Other 
values of n and m could, of course, be selected as 
dictated by the particular needs of the patient It is 
significant to note that this terminating process 
does not involve the dropping of any ventricular 
stimuli, as has been done in the prior art. 

Still referring to FIG. 7. if, at decision block 40 
it is determined that the PMT response mode is 
not enabled, then a decision can still be made as 
to whether the PVC mode is enabled, as indicated 
at decision block 68. If so. then the normal opera- 
tion of the VDD or DDD pacer continues with the 
PVC detect logic enabled. Enabling of the PVC 
detect logic causes a decision to be made with 
respect to every sensed ventricular activity to de- 
termine whether such activity was a PVC as in- 
dicated at decision block 70. If a PVC is detected 
then an appropriate PVC response is triggered as 
indicated at block 72. and as previously described 
in connection with FIGS. 6A. 6B-6C. or 60. 

As those skilled in the art will recognize nu- 
merous variations and modifications of the func- 
tional flow diagram shown in FIG. 7 are possible to 
achieve the same desired result. For example it 
would be possible to enable the PMT response 
mode and the PVC response mode automatically 
whenever the VDD or DDD mode of the pacer is 
selected. In such an instance, a determination 
would be made every cardiac cycle as to whether 
the ventricular activity was a PVC, and as to wheth- 
er the atrial activity represented a "fast" or "slow" 
P-wave. Further, it is noted that many modern 
implanted pacemakers employ microprocessors as 
the pulse generation control logic. Hence, by load- 
ing an appropriate program, or software, into the 
pacemaker's memory, the desired results illustrat- 
ed in connection, with FIGS. 6A-6D and/or FIG 7 
can be achieved under control of the microproces- 
sor. 

In the description of FIGS. 8-13 that follows it 
is noted that the circuitry described is primarily 
directed to the circuitry used with the first embodi- 
ment of the PVC response previously described in 
connection with FIG. 6A. This circuitry is also suit- 
ed for use with the other embodiments of the 
invention described in connection with FIGS 68- 
6D. and FIG. 7. Adaptation of the circuitry for a 
desired embodiment can be readily accomplished 
by those skilled in the art given the description 
presented herein. 

In FIG. 8. a block diagram of the circuitry used 
to realue the operation of the present invention is 
shown. It is noted that with the exception of the 



reed switch 32 and the memory circuitry 30. all of 
the blocks shown in FIG. 8 comprise a portion of 
the Pulse Generator and Control Logic 12 of FIG 2 
As seen in FIG. 8, this circuitry includes detection 
' PU ' Se 9 enerator '°9ic 82. PMT counter 
and Nth count logic 84, PMT window logic 86, and 
PMT reset logic 88. .The detection logic 80 is 
coupled to the sense amplifiers 18 and 20 of FIG 
2. For purposes of the present invention, the pri- 
'o mary function of the detection logic is to detect the 
occurrence of a PVC event. In accordance with the 
first embodiment described above, upon detecting 
a PVC event, the pulse generator logic 82 gen- 
erates an AREF EXTD signal that is used to extend 
'5 the atnal refractory period. The inverse of this 
signal, mverted by gate 9, is compared at gate 92 
with activity sensed by the atrial sense amplifier 
18. Any atrial activity that occurs subsequent to the 
atrial refractory period is applied to the PMT win- 
so dow logic 86. It is the primary function of the PMT 
wmdow logic to determine whether the sensed at- 
rial activity is a "fast" P-wave. indicating the pres- 

non-PMT s.tuafton. If the sensed atrial activity is 
as determmed to be a "fast" P-wave, this is defined 
as a PMT event" that is used to clock the PMT 
counter and Nth count logic 84. After the PMT 
counter 84 has been clocked a prescribed number 
of t.mes. a PMT terminal count, or nth event signal 
30 lS generated and synchronized with a V-pulse at 
gate 94. The output of gate 94 is a PMT break 
signal that is directed back to the pulse generator 
logic 82 m order to trigger the "PVC response- 
intended to break the PMT. 
35 If the PMT window logic 86 determines that the 

sensed atrial activity is a "slow" P-wave, or if other 
specified events occur, then the PMT reset logic 
88 generates the appropriate signals needed to 
reset the PMT counter 84. As indicated in FIG 8 
«o other events which could also reset the PMT coun- 
ter 84 mclude generation of an A-pulse or the 
sensing of a naturally-occurring R-wave 

As noted in FIG. 8, the pulse generator logic 82 
generates a PVC response state signal directed to 
<s memory 30 and to an inverter gate 96. Memory 30 

pmt ? Va ' Ue °' ^ and the siza or length of the 
PMT wmdow generated by the PMT window logic 
30 so as to change the values of AEI and ARI 

S0 JETS?*' ' nVerter 9a,e 96 directs th * '"verse 
so o the PVC response signal to an AND gate 98 the 
other input of which is received from the PMT reset 
og-c 88. With this arrangement, the PMT res" 
logic 88 can not direct a PMT reset signal to the 
PMT counter 84 until the next succeeding cycle 
55 from (he cycle in which the PVC event was^ 
tected. This prevents the PMT counter from possi- 
bly being reset during the PMT response. Thus, 
the PMT counter is not reset until the next cycle 



12 



23 



EP 0 308 535 A1 



24 



thereby providing an opportunity to verify that the 
PMT cycle has in fact been broken. 

It is to be understood that the block diagram of 
FIG 8, and the above description thereof, is pri- 
marily functional, and that the actual functions de- 
scribed could be carried out by those skilled in the 
art in numerous ways. Further, some functions re- 
lated to the overall operation of the pacemaker, not 
particularly relevant to an understanding of the 
operating principles of the present invention, have 
not been included in Fig. 8. 

Referring next to FIGS. 9 and 10, a logic dia- 
gram of the PMT counter and Nth count logic 84 is 
illustrated. The embodiment shown in FIG. 9 is for 
a particular embodiment wherein a PMT terminal 
count signal, identified as PMT TCN in the figures, 
is generated during the nth PMT cycle and the mth 
PMT cycle. (When PMf3 = 0, n = 10 and m = 
128; when PMT3 = 1, n = 127 and m - 128.) A 
PMT counter 102 (FIG. 10) is realized using a 
conventional multi-stage counter realized with ap- 
propriate logic circuitry. This counter generates the 
signals CQ1-CQ8 as a function of the count held 
therein. The counter 102 is clocked by the PMT 
EVENT line originating with the PMT window logic 
86 (FIG. 8). The count signals CQ1-CQ8 are logi- 
cally combined as illustrated in FIG. 9 in order to 
generate the PMT TCN signal at the occurrence of 
the Nth event. The signal PMT 3 shown in FIG. 9 is 
a select signal used to select either the 10th count 
or the 127th count as the Nth event, the occur- 
rence of which is indicated by the PMT TCN s.g- 
nal. 

Referring to FIG. 11, a simplified logic diagram 
of the circuitry used to generate the atrial refractory 
extended signal. AREF EXTD, is shown. A fixed 
time interval, identified as T1. is used to define the 
extended signal (see timing diagrams of FIGS. 14 
and 16). This T1 signal is applied to inverter gates 
105 and 106. The output of gate 105 is further 
applied to a 3-input AND gate 108. A PVC re- 
sponse signal, generated in response to the sens- 
ing of a PVC event or other prescribed activity, 
(which signal is described more fully below in 
connection with the description of FIG. 12), is ap- 
plied to another input of the AND gate 108, and to 
the input of another 2-input AND gate 110. The 
other input to the gate 110 is the output of the 
inverted gate 106. The output of the AND gate 110, 
is the AREF EXTD signal and. is thus the equiv- 
alent of the fixed time interval T1 enabled only 
when the PVC response signal is present. Simi- 
larly the output of the gate 108. identified as "Set 
Alert Period", is the time interval T1 enabled only 
during the PVC state and further enabled only if 
the VDD or ODD mode is selected. The generation 
of this signal forces the V-A interval, or AEI. to be 
extended by a prescribed value T1, as described 



more fully below in conjunction with the logic tim- 
ing diagrams of FIG. 14. 

FIG 12 shows a simplified logic diagram of the 
PVC detection logic 80 of FIG. 8. In FIG. 12. the 
s signal IRW refers to an inhibit R-wave signal, which 
siqnal is generated whenever a valid ventricular 
electrical activity is sensed. The signal LIPW refers 
to a latched IPW signal and is generated by any P- 
wave that falls within the maximum track interval 
,o (MTl). The signal AEI is the atrial escape interval. 
The signal P„ oi „ is a signal that is present when 
atrial channel noise has been detected. The inverse 
of the IRW and AEI signals, and the LIPW. and 
Pnoise signals are applied to the inputs of NOR gate 
J5 112 The output of NOR gate 112 will thus only 
assume a high logic value when all of the input 
signals supplied thereto are at a low logic value 
(signals not present). The only time during which 
an IRW and AEI signal would be present in com- 
20 bination with the absence of the other named sig- 
nals would be during the occurrence of a PVC. 
Hence, the output of NOR gate 112 goes high upon 
the occurrence of a PVC event. If the proper pacer 
mode is selected -- that is, the VDD or ODD mode 
as - then this signal is passed through AND gate 1 14 
and OR gate 116 to the D input of flip flop 118, 
which flip flop 118 is clocked by an appropriate 
clock signal so as to generate a PVC response 
signal at the Q output thereof. The PMT terminal 
30 count signal. PMT TCN, in combination w.th the 
generation of a V-pulse. applied through gate 94 
and OR gate 116, can also set the flip flop 118 to 
the PVC state. Such a condition occurs when it is 
desired to trigger the PVC response in accordance 
as with the PMT terminating process described in 
conjunction with FIG. 7. 

Still referring to FIG. 12. the PVC state flip flop 
118 is reset by the occurrence of a valid atrial 
event The atrial alert period (identified as W1 in 
40 FIG 6A, and W2 in FIG. 6B). is generated by 
combining the PVC state signal with an AALERT 
signal at gate 120. The AALERT signal may be any 
desired programmed value, and typically will have 
the value from 300-350 msec. For the second 
45 embodiment described in connection with FIG. 6B, 
W2 is preferably 350 msec, and is divided into a 
100 msec refractory portion and a 250 msec alert 
portion. 

Referring next to FIG. 13. a simplified logic 
so diagram of the PMT window logic 86 and PMT 
reset logic 88 of FIG. 8 is illustrated. The signals 
PMT 1 and PMT 2 are control signals used to 
select one of three possible time windows. The 
signals T1 and T2 are fixed time intervals, with 
55 preferred values of 489 and 413 msec, respec- 
tively. It is to be emphasized that while these 
values of T1 and T2 are preferred, any appropriate 
value could be used. As previously indicated in 



13 



25 



EP 0 308 535 A1 



26 



connection with FIG. 12. the signal LIPW repre- 
sents any P-wave falling within the maximum track- 
mg interval. The signal PW represents any other P- 
wave. The function of the logic circuitry shown in 
FIG. 13 is to determine whether any given atrial 
activity is the result of a "slow" P-wave or a "fast" 
P-wave. If a "fast" P-wave is detected, then a PMT 
CLK signal is generated in order to increment the 
PMT counter. If, however, a "slow" P-wave is de- 
tected then a PMT reset signal is generated. The 
circuitry shown in FIG. 13 is representative of one 
of a plurality of ways in which this function could 
be realized. 

The operation of the logic circuitry shown in 
FIGS. 9-13 can be better understood with reference 
to the logic timing diagrams of FIGS, 14-16. FIG. 
14 describes the first embodiment PVC response 
described previously in connection with FIG. 6A. In 
FIG. 14. a response to the detection of a PVC is 
indicated. The top two lines of FIG. 14 represent 
the A-pulse and V-pulse stimulation signals, re- 
spectively, that are generated by the pulse gener- 
ator logic 82. The third and fourth lines of FIG. 14 
represent the outputs from the sense amplifiers 18 
and 20. respectively, of FIG. 2. The fifth line of FIG 
14 is the atrial refractory period that is generated in 
conventional manner by the operation of the pace- 
maker. The sixth line of FIG. 14 illustrates the 
extended atrial refractory period generated by the 
circuitry of FIG. 11 in response to the detection a 
PVC event (see line 4). Line 7 of FIG. 14 illustrates 
the ventricular refractory period. Note that all of the 
refractory periods are initiated by the occurrence of 
a V-puise or the occurrence of sensed ventricular 
activity. Line 8 of FIG. 14 illustrates the atrial es- 
cape interval, or AEI. sometimes referred to as the 
V-A interval or V-A delay. The first occurrence of 
this interval is at a programmed interval. The sec- 
ond occurrence of this interval is reset at the oc- 
currence of the PVC event and forced to a fixed 
interval T1. Line 9 of FIG. 14 illustrates the P Alert 
time period, that is, the time during which electrical 
activity can be sensed in the atrium. During the 
first occurrence, this interval represents the dif- 
ference between the atrial refractory period (line 5) 
and the atrial escape interval (line 8). During the 
second occurrence, this period does not begin until 
the end of the extended atrial refractory period (line 
6), and then it assumes a preselected value (Wl) 
of from 300-350 msec. The PVC response signal 
(line 10) is set at the occurrence of the PVC 
EVENT and is reset at the termination of the P 
Alert signal (line 9). This signal line is disabled 
during the A-V delay. 

FIG. 15 shows a logic timing diagram asso- 
ciated with the second alternative embodiment of 
the PVC response of the present invention, pre- 
viously descnbed in conjunction with FIGS. 6B and 



6C. In FIG. 15 lines 1-5. and 7-10 correspond to 
me same signals as described in connection with 
FIG. 14. However, in FIG. 15, it is noted that the 
atnal refractory period is not extended as was done 
5 in conjunction with the embodiment of FIG 14 
Rather, on line 6A in FIG. 15, a retrograde sense 
window (of a programmable value. T A ) is triggered 
whenever the PVC state is enabled (line 10) and at 
,„ * e „ conc,usion of «he atrial refractory period (line 
ro 5). If retrograde activity is sensed during this retro- 
grade window, as indicated by the solid lines in 
FIG. 15. then a secondary atrial refractory period is 
mrtiated as shown on line 6B. In the preferred 
embodiment, this secondary refractory period as- 
'5 sumes a value of 100 msec, and represents an 
absolute refractory time interval. At the conclusion 
of this secondary atrial refractory period, the P alert 
period (line 9) is initiated and has a duration of a 
prescribed value (250 msec in the preferred em- 
20 bodiment). The 100 msec secondary atrial refrac- 
tory period and the 250 msec P alert period thus 
comprise the W2 time period referred to in con- 
junction with FIG. 6B. The dashed lines in Fiq 15 
on lines 1. 6A, 6B. 8. 9. and 10 represent 'the 
25 waveform response when no retrograde activity is 
sensed during the retrograde window. 

Referring next to FIG. 16. a logic timing dia- 
gram illustrates the operation of the PMT terminat- 
ing process of the present invention. Lines 1-10 of 
so FIG. 16 correspond to the same signals as are 
shown on lines 1-10 of FIG. 14. However, the 
horizontal time scale of FIG. 16 covers a much 
longer time period than is shown in FIGS 14 or 15 
m order to illustrate how the PMT counter 84 (FIG 
35 8) is incremented and reset. It is assumed in FIG* 
16 that the pacer mediated tachycardia condition is 
present and that the circuitry has been counting 
and tracking retrograde conduction ("fast" P- 

r V o!ix° r Several Cyc,es - As indicated on line 12. 
40 he PMT clock signal is derived from the sensing of 
fast P-waves (line 3). It is assumed that the first 
occurrence of a fast P-wave in FIG. 16 corresponds 
to incrementing the PMT count (line 14) to the 
count of 9. The next occurrence of a fast P-wave 
PMT ; s / es P° nsibte *» generating the second 
PMT clock pulse (line 12). causes the PMT counter 
to .ncrement to the count 10. In one embodiment, it 
is at this count at which the PMT counter generates 
the termmal count signal. PMT TCN. as indicated 
so on l,ne 1 1 . The effect of the PMT TCN signal is to 

Sfpvr PVC reSP ° nSe 38 previous, y de **bed. 
This PVC response is synchronized with the occur- 
rence of the next v- pu | Se (line 2). Hence, co- 
incident with the generation of this next V-pulse 
55 the atrial refractory period is extended, as indicated 
on line 6. At the conclusion of this extended atrial 
refractory period, an alert period W1 is generated. 
At the conclusion of this alert period W1 the next 
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A-pulse will be generated, which A-pulse is fol- 
lowed, for the situation shown in FIG. 16. by a 
natural R-wave (line 4). The occurence of the 
naturally-occurring R-wave is indicative that the 
PMT has been broken, and normal pacer operation 
continues thereafter. It is noted that the PMT coun- 
ter is not reset until a determination has been 
made that the PMT has been broken, as indicated 
bv the sensed R-wave (line 4). Thus, the counter is 
reset to zero at this time. If the PMT had not been 
broken, then the PMT counter would have contin- 
ued to be incremented until it reached the next 
terminal count value (128 counts after the 10th 
count for the embodiment shown), at which time 
another PVC response would have been triggered. 

It is noted that while the PMT terminating pro- 
cess shown in FIG. 16 uses the first embodiment of 
the PVC response circuitry (FIGS. 6A and 14) to 
terminate the PMT. this PMT terminating response 
could also be implemented using the second or 
third embodiments or variations thereof of the PVC 
response circuitry (FIGS. 6B-6D and 1 5). 

In the preferred embodiment, the circuitry de- 
scribed in conjunction with FIG. 2, and FIGS. 8-13 
is realized using primarily CMOS LSI circu.try. 
While many of the implementation details asso- 
ciated with these circuits have not been disclosed 
herein, those skilled in the art could readily imple- 
ment the necessary circuitry given the log.c timing 
diagrams and description of the invention prov.ded 
herein. Moreover, while the invention has been 
described by means of specific embodiments and 
applications thereof, it is understood that numerous 
modifications and variations could be made thereto 
by those skilled in the art without departing from 
the spirit and scope of the invention. It is therefore 
to be understood that within the scope of the 
appended claims, the invention may be practiced 
otherwise than as specifically described herein. 



Claims 

1 A method of operating a dual-chamber car- 
diac pacemaker, said dual-chamber cardiac pace- 
maker including means for sensing a premature 
ventricular contraction (PVC), comprising the steps 

° f ' (a) generating an extended atrial refractory 
period upon the sensing of a PVC, said extended 
atrial refractory period comprising a first prescribed 
time period during which electrical activity in the 
atrium of a heart being paced by said pacemaker 
is not sensed by said pacemaker; 

(b) generating an atrial alert time interval that 
is initiated at the conclusion of the extended atrial 
refractory period, said atrial alert time interval com- 
prising a second prescribed time period during 



which electrical activity in the atrium is sensed, but 
during which no pacemaker-generated stimulation 
pulses are delivered to the atrium; 

(c) delivering a pacemaker-generated stimu- 
s lation pulse to the atrium at the conclusion of the 

atrial alert time interval only when no electrical 
activity is sensed in the atrium during the atrial 
alert time interval; and 

(d) generating an A-V time interval that is 
, 0 initiated at the conclusion of the atrial alert time 

interval, said A-V time interval comprising a third 
time period at the conclusion of which a ventricular 
stimulation pulse may be selectively delivered to 
the ventricle of the heart by said pacemaker. 

2 The method of claim 1 wherein the ventricu- 
lar stimulation pulse is delivered to the ventricle at 
the conclusion of the A-V time interval in step (d) 
only when there is no sensed electrical activity in 

20 the ventricle during the immediately preceed.ng A- 
V time interval. 

3 The method of claim 1 wherein the A-V time 
interval in step (d) is different than a normal A-V 
time delay period used within said pacemaker. 

25 4. A method of operating a dual-chamber pace- 
maker said dual-chamber cardiac pacemaker in- 
cluding means for sensing a premature ventricular 
contraction (PVC). comprising the steps of: 

(a) generating a first time period that begins 

30 upon the sensing of a PVC; ...... 

(b) generating a second time period that is 
initiated upon the occurrence of a first prescribed 
event occurring within said first time period; 

(c) delivering an atrial stimulation pulse to 
as the atrium of a heart being paced by said pace- 
maker at the conclusion of the second time period, 
unless a second prescribed event occurs during 
said second time period, in which case no atrial 
stimulation pulse is generated; 

40 (d) generating a third time period that is 

initiated at the conclusion of the second time pe- 
riod; and 

(e) delivering a ventricular stimulation pulse 
to the ventricle of the heart at the conclusion of the 
45 third time period providing a third prescribed event 
has previously occurred. 

5. The method of claim 4 wherein the third 
prescribed event of step (e) comprises the absence 
so of sensed electrical activity in the ventricle of the 
heart during said third time period. ' 

6 The method of claim 4 wherein the third 
prescribed event of step (e) comprises the absence 
of sensed electrical activity in the ventricle of the 
55 heart for a prior time period that includes said third 
time period. 
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7. The method of claim 4 wherein the third 
time period is different than a norma) A-V delay 
period used within said pacemaker. 

8. The method of claim 4 wherein the first 
prescribed event of step (b) comprises the timing 
out of said first time period. 

9- The method of claim 4 wherein the first 
prescnbed event of step (b) comprises an atrial 
event. 

10. The method of claim 9 wherein said atrial 
event comprises the sensing of electrical activity in 
the atnum of the heart. 

11. The method of claim 4 wherein said sec- 
ond time period comprises an atrial alert time pe- 
nod that has a prescribed duration that fails within 
the range of from 250 to 450 msec. 

12. The method of claim 11 wherein said sec- 
ond time period has a fixed duration selected to fall 
in the range of from 300 to 350 msec. 

13. The method of claim 4 wherein said sec- 
ond time period is divided into first and second 
portions, the first portion of which is refractory with 
respect to atrial electrical activity. 

14. A method of operating a dual-chamber 
pacemaker, said pacemaker including means for 
sensing atrial and ventricular activity, as well as 
means for sensing a premature ventricular contrac- 
tion (PVC), comprising the steps of: 

(a) generating, in response to sensing, ven- 
tricular activity, an atrial escape interval and a 
maximum tracking interval, at least a latter portion 
of said atrial escape interval comprising a time 
period during which atrial activity is sensed an A-V 
interval being generated at the earliest occurrence 
of either: (1) the sensing of atrial activity within the 
latter portion of said atrial escape interval or (2) the 
conclusion of said actual escape interval, said 
maximum tracking interval plus said A-V intervaJ 
comprising a time period that defines a maximum 
pacing rate of said pacemaker; 
a „H -w suspendi "9 said atrial escape interval 
and said maximum tracking interval in response to 
the sensing of atrial activity within the latter portion 
of said atrial escape interval that occurs subse- 
quent to the sensing of a PVC; 

(c) generating, in response to the sensing of 
atrial activity, said A-V interval; and 

(d) generating a ventricular stimulating pulse 
at the conclusion of said A-V interval. 



t*J t "It^ ° f br6akin9 a pacer medi aed 
tachycardia (PMT) in a dual-chamber cardiac pace- 
maker, said dual-chamber cardiac pacemaker in- 
eluding sensing means for selectively sensing elec- 
5 trical activity in a ventricle and an atrium of a heart 
and pacing means for selectively delivering stimu- 
lation pulses to at least the ventricle in accordance 
with a prescribed timing sequence, said method of 
breaking a PMT comprising the steps of: 

W cycles^and 0 "" 1 " 19 * prescribed num ber of PMT 
(b) extending the time at which said pacino 
means delivers one of said stimulation pulses to 

'5 ing the V-V mterval of this next PMT cycle. 

f„*hl 7 '- T ! , !/ MT br9aki " 9 method of Cam 16 
further including the step of: 

20 is broten rep8ating Steps (a) and < b > un «' the PMT 



15. The method of claim 14 wherein the sus- 
pension of the atrial escape interval and the maxi- 
mum tracking interval in response to the sensing of 
post PVC atrial activity in accordance with step (b) 
is continued only for a prescribed number of con- 
secutive cardiac cycles. 



whJJ 3 ' PMT breaking method of ='aim 17 
wherein the prescribed number of PMT cycles 

25 ber n 2 d pMT ,eP *"? inC ' UC,9S 3 firSt Prescribed 
« ber of PMT cycles to be counted prior to the 

extension of the initial V-V interval applied in step 
(t>). and a second prescribed number of PMT cy- 
cles to be counted subsequent to the initial V-V 
interval extension. 
3° 19. The PMT breaking method of claim 18 
wherein the first prescribed number of PMT cycles 
to be counted is at least 10. 

20. The PMT breaking method of claim 19 
wherein the second prescribed number of PMT 

as cycles to be counted is no more than 130. 

21. The PMT breaking method of claim 18 
wherein the first prescribed number of PMT cycles 
to be counted is at least 1 27. 

22. The PMT breaking method of claim 16 
io wherein step (b) comprises 

rinH # *PW"0 an extended atrial refractory pe- 

m erfi l I 8 " 31 '" 9 mMnS ° f Said P^aker im- 
mediately subsequent to the generation of the ven- 
tncular stimulation pulse of the selected PMT cy- 

inn J T QX,9nded a,ria ' r8fraCt0ry P9ri0d «>"^- 

s unJT, mt9rVa ' dUnn9 WhiCh ,he sensi "9 means 
,S unab ! e ,0 sense e'sctrical activity in the atrium 

(2) applying an atrial alert period to the sens- 
ng means and pacing means of the pacemaker 
50 •mmed.ate.y subsequent to the timing % 0 ™£ 
extended atrial refractory period, safd atrial alert 
period comprising a time interval during which the 

«he srr t ; ab,e to sense •** fc - «** - 

the atrium, but during which the pacing means is 
55 inhibited from delivering any stimulation ££? £ 
the atnum, and H to 
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(3) applying an A-V interval period to the 
sensing means and pacing means of the pace- 
maker immediately subsequent to the timing out of 
said atrial alert period, said A-V interval comprising 
a time interval after the duration of which a ven- 
tricular stimulation pulse will be delivered to the 
ventricle unless electrical activity is sensed in the 
ventricle during said A-V interval. 

23 The PMT breaking method of claim 22 
wherein said A-V interval period comprises a se- 
lected time period that is different than a normal A- 
V delay time period used within said pacemaker. 

24. The PMT breaking method of claim 16 
wherein step (b) comprises 

(1) applying a first time interval to the sens- 
ing means of said pacemaker immediately subse- 
quent to the generation of the ventricular stimula- 
tion pulse of the selected PMT cycle, said first time 
interval comprising a refractory period during which 
the sensing means is blocked from sensing elec- 
trical activity in the atrium. 

(2) applying a second time interval to tne 
sensing means of the pacemaker immediately sub- 
sequent to the timing out of the first time interval, 
said second time interval comprising a time during 
which the sensing means is able to sense electrical 

activity in the atrium, 

(3) if atrial electrical activity if sensed during 
said second time interval, applying a third time 
interval to the sensing means of the pacemaker 
immediately subsequent to the sensing of said 
atrial electrical activity during said second time 

interval, . _ , . .. 

(4) applying a fourth time interval to the 
sensing and pacing means of the pacemaker im- 
mediately subsequent to the ending of said third 
time interval of step (3), or if no atrial electrical 
activity is sensed during said second time interval, 
applying said fourth time interval immediately sub- 
sequent to an atrial escape interval, said atrial 
escape interval being initiated concurrent with said 
first time period and 

(5) delivering a ventricular stimulation pulse 
to the ventricle at the conclusion of said forth time 
interval in the absence of sensed ventricular activ- 
ity occurring during said fourth time interval. 

25 In a pacemaker having means for detecting 
the occurrence of a premature ventricular contrac- 
tion (PVC). a system for responding to a PVC 
comprising: . 

means for generating a first time period that 
begins upon the sensing of a PVC by said PVC 
detection means; , 

means for generating a second time period 
that is initiated upon the occurrence of a first 
prescribed event occurring during said first time 



means for generating a third time period that is 
initiated upon the occurrence of a second pre- 
scribed event; and 

delivery means for selectively delivering a 
stimulation pulse to a ventricle of a heart being 
paced by said pacemaker at the end of said third 

time period. . 

26 The pacemaker of claim 25 wherein the 
,o first prescribed event that triggers the generation of 

said second time period is the timing out of said 

first time period. 

27 The pacemaker of claim 26 wherein said 
pacemaker further includes means for sensing at- 

, s rial activity in an atrium of the heart, and wherein 
said delivery means further delivers a stimulation 
pulse to the atrium at the end of said second time 
period unless atrial activity is sensed in said atnum 
during said second time period. 
20 28 The pacemaker of claim 27 wherein the 
second prescribed event that triggers the genera- 
tion of said third time period is the sensing of atrial 
activity during said second time period. 

29 The pacemaker of claim 27 where.n the 
25 second prescribed event that triggers the genera- 
tion of said third time period is the timing out of 
said second time period. 

30 The pacemaker of claim 25 wherein said 
pacemaker further includes means for sensing at- 

3Q rial activity in an atrium of the heart, during a latter 
portion of said first time period, and where.n the 
first prescribed event that triggers the generation of 
said second time period comprises the sensing of 
atrial activity in the atrium by said atrial sensing 

35 means. . . 

31 The pacemaker of claim 30 wherein said 
second time period is divided into an initial refrac- 
tory portion and a subsequent alert portion. sa.d 
atrial sensing means being inoperable during said 

40 refractory portion and operable during said alert 

POrt 32 The pacemaker of claim 25 wherein said 
third time period comprises a time period that is 
different than an A-V delay period used by sa.d 
45 pacemaker when a PVC is not sensed. 
33. A cardiac pacemaker including 

atrial and ventricular sensing means for 
respectively sensing atrial and ventricular de- 
polorizations of a heart; 
s0 pulse generating means for generating 

stimulation pulses that may be selectively delivered 
to the ventricle in response to a ventricular trigger 

S ' 9nal 'timing means for generating said ventricular 
ss trigger signal in response to a prescribed timing 
sequence, said timing means including 

inhibiting means responsive to said ventricular 
sensing means for inhibiting said ventricular trigger 
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signal in response to sensed ventricular depoloriza- 
tions. 

premature ventricular contraction (PVC) means 
for sensing a premature ventricular contraction 
said premature ventricular contraction comprising a 
ventricular depolorization that occurs subsequent to 
a prior ventricular depolorization and prior to an 
atrial depolorization or the timing out of an atrial 
escape interval, whichever occurs first, and for gen- 
erating a PVC signal in response to the sensing of 
a PVC, a 

means for generating an extended atrial 
refractory period in response to said PVC signal 
said extended atrial refractory period comprising a 
penod of time during which the atrial sensing 
means of said pacemaker is not operable, 

means for generating an atrial alert time 
wmdow subsequent to the timing out of said ex- 
tended atrial refractory period, said atrial alert time 
wmdow comprising a prescribed period of time 
during which the atrial sensing means is operable 
and 

means for generating an A-V interval that 
begins at the conclusion of said atrial alert time 
window, said A-V interval comprising a prescribed 
period of time during which the ventricular sensing 
means is operable, said ventricular trigger signal 
being generated at the conclusion of said A-V 
interval unless said ventricular trigger signal is in- 
hibited by said inhibiting means. 

34. The pacemaker of claim 33 wherein the 
prescribed period of time of said atrial alert time 
window comprises 300 to 350 msec. 

35. The pacemaker of claim 33 wherein the 
preserved time period of said A-V interval is short- 
ened m response to said PVC signal. 

36. The pacemaker of claim 33 further includ- 
ing pacemaker mediated tachycardia (PMT) break- 
ing means within said timing means for breaking a 
tachycardia caused at least in part by said pace- 
maker, said PMT breaking means comprising 

tachycardia signaling means for signaling the 
occurrence of a sustained PMT as sensed through 
said atrial and ventricular sensing means, 

counting means responsive to said tachycardia 
signaling means for counting the number of cycles 
that occur in said sustained PMT, 

means for generating said PVC signal in 
response to a prescribed count reached by said 
counting means, which PVC signal triggers the 
generation of said extended atrial refractory period 
which m turn causes said atrial alert time window 
and A-V interval to be generated, thereby effectuat- 
ing a change in the rhythm of said sustained PMT 
which change in rhythm is intended to break said 



37. The pacemaker of claim 36 wherein the 
presented count reached by said counting means 
at which the PVC signal is generated comprises at 
least 10. 

s 38. The pacemaker of claim 36 wherein the 

preserved count reached by said counting means 
at wh.ch the PVC signal is generated comprises a 
count less than 150 and greater than 10. 

,n ouJ®' 7,18 pacemaker of claim 36 wherein said 
w PVC signal is generated at the nth count of said 
countmg means, and every mOfcount thereafter 
uirt.1 said PMT is broken, where m and n are 
selected integers. — - 

40. A cardiac pacemaker including 
'5 atrial and ventricular sensing means for 

respectively sensing atrial and ventricular de- 
polonzations of a heart; 

pulse generating means for generating 
stimulation pulses that may be selectively delivered 

signal- VentfiCle reSP0nS8 t0 3 ventricu,ar Wooer 
timing means for generating said ventricular 
tngger signal in response to a prescribed timing 
sequence, said timing means including 
25 inhibiting means responsive to said ventricular 

sensing means for inhibiting said ventricular trigger 
signal ,n response to sensed ventricular depoloriza- 
nons, 

premature ventricular contraction (PVC) means 
30 for sensing a premature ventricular depolorization 
contraction, said premature ventricular contraction 
comprising a ventricular depolorization that occurs 
subsequent to a prior ventricular depolorization and 
pnor to an atrial depolorization or the timing out of 

ZnT eS ° aPe int9rval ' which ever occurs first 
and for generating a PVC signal in response to the 
sensing of a PVC. 

means for generating an atrial refractory period 

40 IHr POn r 10 SaW PVC Si 9 nal - said atna. refrac- 
«o tory period comprising a prescribed period of time 
during which the atrial sensing means of said pace! 
maker is not operable, 

n« rin * m6anS f ° f 9eneratin 9 a retrograde sense 
penod subsequent to said atrial refractory period 
« durmg wh.ch the atrial sensing means is operable 
means for generating an atrial escape interval 
that begins in response to said PVC signal, said 
atrial escape mterval comprising an AEI time period 
that .s at least as long as the duration of the atrial 
so refractory period followed by the reJogle sense 

means for generating an atrial alert time 
wmdow of a first prescribed time period that beS 
-n response to the sensing of an atria. depcS 
ss tan occurring during the retrograde sense period. 

means for generating an A-V interval that 
begins at the conclusion of said AEI time if no atrial 
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depolorization is sensed during the retrograde 
sense period, or at the earliest occurrence of either 
the conclusion of said atrial alert time window or 
the sensing of an atrial depolorization by sa.d atrial 
sensing means during said atrial alert time window 
said A-V interval comprising a second prescribed 
time period during which the ventricular sensing 
means is operable, said ventricular trigger signa 
being generated at the conclusion of said A-V 
interval unless said ventricular trigger signal is in- 
hibited by said inhibiting means. 

41 The pacemaker of claim 40 wherein the 
first prescribed period of time of said atrial alert 
time window comprises 300 to 350 msec. 

42 The pacemaker of claim 40 wherein the 
second prescribed time period of said A-V interval 
is shortened in response to said PVC signal. 

43 The pacemaker of claim 40 further includ- 
ing pacemaker mediated tachycardia (PMT) break- 
ing means within said timing means for breaking a 
tachycardia caused at least in part by said pace- 
maker, said PMT breaking means comprising 

tachycardia signaling means for signaling the 
occurrence of a sustained PMT as sensed through 
said atrial and ventricular sensing means, 

counting means responsive to said tachycardia 
signaling means for counting the number of cycles 
that occur in said sustained PMT, 

means for generating said PVC signal m 
response to a prescribed count reached by said 
counting means, which PVC signal triggers the 
generation of said atrial refractory period, followed 
by said retrograde sense period and, if atrial activ- 
ity is sensed, said atrial alert time window, thereby 
effectuating a change in the rhythm of said sus- 
tained PMT, which change in rhythm is intended to 
break said PMT. 

44 The pacemaker of claim 43 wherein the 
prescribed count reached by said counting means 
at which the PVC signal is generated comprises at 

least 10. _ . «. 

45 The pacemaker of claim 43 wherein the 
prescribed count reached by said counting means 
at which the PVC signal is generated comprises a 

count less than 130. 

46 The pacemaker of claim 43 wherein said 
PVC signal is generated at the nth count of said 
counting means, and every mth count thereafter 
until said PMT is broken, where m and n are 
selected integers. 

47. An atrial tracking dual-chamber pacemaker 

comprising 

atrial and ventricular sensing means tor 
sensing electrical activity occurring in an atrium 
and ventricle of a heart, respectively. 

pulse generating means coupled to said atrial 
and ventricular sensing means for generating a 
ventricular trigger signal, which ventricular trigger 



signal causes a ventricular stimulation pulse to be 
generated; 

inhibiting means responsive to said ventricular 
sensing means for inhibiting said ventricular trigger 
5 signal whenever ventricular electrical activity is 
sensed within a first prescribed time period prior to 
the generation of said ventricular trigger signal; 

timing means for controlling the operation of 
said atrial and ventricular sensing means in a way 
,o that minimizes the likelihood that retrograde atrial 
electrical activity will trigger a pacer mediated 
tachycardia. 

48. The pacemaker of claim 47 wherein said 
timing means includes: 
, s means for sensing a premature ventncular 

contraction (PVC); and 

means, responsive to the sensing of a 
premature ventricular contraction, for preventing 
the sensing of retrograde atrial electrical activity 
20 resulting from said premature ventricular contrac- 
tion. . . 

49 The pacemaker of claim 48 wherein said 
means for preventing the sensing of retrograde 
atrial electrical activity comprises: 
2 5 means for generating an extended refractory 

time period subsequent to the sensing of the PVC; 

means for sensing atrial electrical activity for 
an alert time period subsequent to said refractory 

time period; and 

30 means for generating an A-V interval subse- 

quent to the termination of said alert time penod, 
said ventricular trigger signal being generated by 
said pulse generating means at the termination of 
said A-V interval unless inhibited by said inhibiting 

35 means. . . . 

50 The pacemaker of claim 49 wherein said A- 
V interval generated by said A-V interval generating 
means is shortened in response to the sensing of a 
PVC over what it would be in the absence of 

40 sensing a PVCc 

51. The pacemaker of claim 49 wherein said 
alert time period is terminated by the earliest oc- 
currence of either the timing out of said alert time 
period or the sensing of atrial electrical activity 

45 during said alert time period. 

52. The pacemaker of claim 47 wherein said 
timing means includes: 

means for sensing a premature ventricular 

contraction; 

so means for sensing retrograde atrial activity 

resulting from said premature ventricular contrac- 
tion; and " 

retrograde response means for responding to 
the sensed retrograde atrial activity in a way that 
ss minimizes the likelihood that the retrograde atrial 
activity will trigger a pacer mediated tachycardia. 
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54. The pacemaker of claim 52 wherein said 
means for sensing retrograde atrial activity com- 
pnses means for initiating a retrograde sense pe- 
riod subsequent to the sensing of a premature 
ventricular contraction during which any sensed s 
atrial activity is presumed to be retrograde atrial 
activity. 

54. The pacemaker of claim 53 wherein said 
retrograde response means comprises 

means for generating an atrial escape interval w 
in response to the sensing of said premature ven- 
tricular contraction, 

means for initiating an atrial alert period 
immediately subsequent to the sensing of atrial 
activity, if any, during said retrograde sense period; 

means for generating an A-V interval subse- 
quent to the termination of said atrial alert period, if 
generated, said ventricular trigger signal being gen- 
erated by said pulse generating means at the ter- 
mination of said A-V interval unless inhibited by 
said inhibiting means; and 

means for generating an A-V interval subse- 
quent to the termination of said atrial escape inter- 
val when no atrial activity is sensed during said 
retrograde sense period. 

55. The pacemaker of claim 54 wherein said 
atrial alert period, when generated, is terminated by 
the earliest occurrence of either the timing out of 
said alert time period or the sensing of atrial elec- 
trical activity during said alert time period. 

56. The pacemaker of claim 54 wherein said 
atrial alert period is subdivided in an initial refrac- 
tory portion and a final alert portion. 

57. The pacemaker of claim 54 wherein said A- 
V interval assumes a first value if atrial activity is 
sensed during said retrograde sense period and 
assumes a second value, different from said first 
value, if atrial activity is not sensed during said 
retrograde sense period. 
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